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 摘 要 
颗粒有机碳(Particulate Organic Carbon, POC)是海洋生物地球化学过程的重
要组成部分，随着光学技术和遥感手段的进步，在不同时空尺度下监测 POC 取
得很大突破。本文以 2011 年国家自然科学基金委南海共享航次现场光学数据为




















由局地风场引起的，冷、暖涡对 POC 有促进或减弱作用，风场会改变 POC 含量，
同样的风速在暖涡区域引起的 POC 变化要小于冷涡区域，由于该区域海平面和


















本文分析了 POC 异常、风速异常、海平面异常同 MEI(多维 ENSO 指数)的关系，



















Particulate Organic Carbon (POC) is an important component of biogeochemistry. 
With the development of optical technology and the remote sensing technology, the 
measurements of POC in different spatial-temporal scales had made breakthrough 
progresses. South China Sea (SCS) is a marginal sea of West Pacific Ocean; however, 
there are few POC remote sensing researches here. This paper tried to explore the 
POC remote sensing algorithms suitable for SCS based on the in-situ optical data in 
2011 funded by Natural Science Foundation of China (NSFC). Then this paper 
applied this algorithm to SeaWifs Remote Sensing Reflectance data to get monthly 
averaged POC data, and then analyzed the temporal-spatial variations in inner- and 
inter- annual scales. 
First，this Paper estimated the SCS surface POC concentration through many 
methods based on the in-situ remote sensing reflectance Rrs(λ) and POC. Here this 
paper compared single band empirical method, blue-green band ratio empirical 
method, and two-step method (first obtain optical backward scattering bbp, then 
establish the relationship between bbp and POC). We found that the performance of 
Rrs(490)/Rrs(555) empirical method is best among all the above methods, with the 
highest correlation and lowest root mean square error (RMSE), and chose this method 
to calculate POC in SCS. 
Second，we chose the Northern SCS Shelf area, Pearl River Estuary, Northwest of 
Luzon Island, and Central Basin as typical areas to analyze the POC inner-annual 
variations and the main influence factors. Northern SCS Shelf area, locating at 
upwelling region in summer, was relatively shallow. In winter, the strong monsoon 
induced vertical mixing and brought bottom particulate matter and nutrient to the 
upper water to enhance the phytoplankton, so POC was the highest in the year. In 
summer, the southwest monsoon lead to the coastal upwelling due to Ekman transport, 
POC was relatively high but rather lower than in winter. Pearl River estuary was 
significantly influenced by freshwater river input. In winter, same to the Northern 















POC was a second high peak, and sometimes it was even equal to the value in winter. 
The reasons included not only the summer upwelling but also the high nutrient runoff 
input. Northwest of Luzon Island was a typical winter bloom area, while at most 
ocean the bloom often occurred in spring. In winter, thermocline was shallower and at 
this occasion the Ekman Pumping is more efficiently so more nutrient was taken into 
the upper layer to prompt the phytoplankton. In summer, this suface height of this 
aerea was often very high, and many warm eddies would existed that downwelling 
occured. The thick thermocline also inhibited the upwelling efficiency. So the 
phytoplankton and then POC was very low due to lack of nutrient in summer. Central 
Basin area was barely affected by the monsoon, kuroshio intrusion, and can be seen as 
the steady background of the whole SCS. The relation between the surface height and 
sea surface wind was very weak, and the warm or cold eddies may be not induced by 
local wind. Wind could enhance POC but the increasement efficiency were different 
at different seasons that the same wind can lead to more POC in winter than in 
summer. 
Here this paper selected the data of central basin area to analyze the inter-annual 
variation of POC. POC of this area was the minmum in SCS, and it was nearly not 
affected by monsoon, river runoff, upwelling, and kuroshio intrusion physical 
dynimics, and the inter-annual variation was mainly determined by the Wesatern 
Pacific climate oscillation. We analyzed POC anomaly, Wind anomaly, Sea Surface 
Level anomaly under differernt ENSO patterns, and found that the responses to MEI 
(multivariate ENSO index) were asymmetric.  The relathions between the   above 
parameters and MEI were much higher in negative MEI (La-Nina) conditions than in 
positive MEI (El-Nino) conditions. 
 


















1.1  选题背景及研究意义  
海洋在地球碳体系中的作用举足轻重，研究表明人类活动生成的碳近一半左









海洋学研究传统上用叶绿素 a(chlorophyll a, chl-a)来表征浮游植物生物量，






部分的动态变化规律[Behrenfeld et al.,2005]。 
尽管在多数情况下浮游植物是海洋 POC 的主要贡献者，且总体上 POC 浓度
与浮游植物碳有很好的相关性，但由于浮游植物细胞内 chl-a 的含量随营养盐和
光照条件变动[Geider, 1987]，其 POC:chl-a 比值亦随之变化。在不同的海区或者
不同的生长期，浮游植物碳所占 POC 的比例一般会在 20-50% 间存在较大变动
[Epply et al., 1992; DuRand et al., 2001; Gundersen et al., 2001]。因此，简单地将
chl-a 通过一固定乘比换算为碳生物量，会使得对初级生产速率和海洋植物碳储
























[Wang 等，2011]分析了珠江口 POC 同海洋光学性质的关系，建立了该区域遥感










供边界约束。结合现有的 chl-a 遥感技术能得到海表的 POC:chl-a 比值，将为深
入研究自养生物、异养生物以及有机碎屑等对 POC 的贡献比例，光合作用生长
生理，生物有机碳输出的关键过程提供重要的科学依据。 
1.2  研究现状 
过去 30 年来，利用卫星遥感评估浮游植物生物量和初级生产力是研究的重
点和热点，受此兴趣驱动，海色遥感的主要工作也相应地集中于海表 chl-a 的反
演。这一时期生物光学领域研究最多的就是 chl-a 与遥感反射比(remote sensing 















星遥感经验算法[O’Reilly et al., 1998, 2000]。目前，chl-a 浓度已成为国际上所有
海色卫星的标准产品之一，其他主要的光辐射测量(radiometry)标准产品包括：归
一化离水辐亮度(normalized water-leaving radiance, nLw)，蓝光(490nm)漫射衰减系
数(diffuse attenuation coefficient, K490)等。 
1980 年代后期才开始出现有关海水光学特性与 POC 相关性的研究。
[Morel,1988]通过分析大量实测数据，分别得到chl-a与550nm下的散射系数b(550)
的相关性，以及 POC 与 chl-a 之间的相关性，进而发现 b(550)与 POC 之间存在
几乎线性的正相关。同时他还发现，虽然 POC 与 chl-a 基本呈正相关，但是对于
任一 chl-a 值，POC:chl-a 比值都有高达几倍的差异。这样以 chl-a 转化成 POC 的
准确度就不恒定。因此，最可靠的方法还是要同时进行 POC 测定和光学测量来
直接建立这些参数的相互关系。 
最初的工作是研究红光 (660nm) 下颗粒物质的光束衰减系数 (Beam 
Attenuation Coefficient, c )，即 cp(660)用于估算 POC[Bishop, 1999; Mishonov et al., 
2003]。近 20 年来，cp(660)已经成为与 POC 浓度密切相关的光学参数中实测数
据最多的一个。针对这两者间关系实测结果的报道，起先出现在北大西洋
[Gardner et al., 1993]和南大洋[Villafane et al., 1993]的研究。在此之后相关的现场
观测在全球各大洋相继展开[Marra et al., 1995; Gundersen et al.,1998; Loisel & 
Morel, 1998; Bishop et al., 1999; Claustre et al., 1999; Gardner et al., 2000;Stramska 




是对 POC 的卫星遥感算法助益有限。近年来，由 AOPs 反演 IOPs 进而得到生物
地球化学变量的生物光学逆问题(inverse problem of bio-optics)研究有较大进展，
出现一些半解析算法，如 GSM 算法[Maritorena et al., 2002]，QAA 算法[Lee et al., 
2002]等，利用海色卫星光谱数据提取后向散射系数（backscattering coeffieicnts, 
bb）的研究日渐增多，因此一些研究者也尝试通过实测 bb 来估算 POC [Boss et al., 
2004; Loisel et al., 2007]。 















于海色卫星遥感的生物光学算法。[Stramski et al., 1999]率先用两步经验回归的方
法实现遥感对南大洋 POC 的估测。他们首先取得 POC 与现场实测颗粒贡献的
bb (bbp)的经验关系，第二步的关系式则关联 Rrs和 bb，这一算法只使用了 550nm
单一波长的 Rrs(550)。[Pabi & Arrigo,2006]研究了罗斯海和南极锋面区 Rrs(555)与
POC 的相互关系，发展了分别针对这两片海域的区域算法。近来，利用 Rrs蓝绿
通道的比值(例如，Rrs (443)/ Rrs (555)或者 Rrs (490)/ Rrs (555))的海色算法逐渐受到
重视[Stramska & Stramski, 2005; Stramski et al.,2008]。这一思路受到了 chl-a 海色
算法的启发。因为可见光传感器的 555nm 通道处于绿光谱段，浮游植物的吸收
特性对 Rrs 的影响很小；同时，利用这一通道的 Rrs 将光谱参量归一化，也减少
了光谱测量本身不确定性对遥感算法的影响。 
综上所述，可以总结出常用的 POC 反演算法有： 
1. IOPs→POC ，最初的红光衰减系数算法。 
2. AOPs→POC，包括单通道遥感反射比法和双通道遥感反射比值法。 
3. AOPs→IOPs→POC，称之为两步算法。又可具体分为： 
1) 双通道遥感反射比与衰减系数法，即 Rrs (λ)/ Rrs (555)→cp(660) →POC ； 
2) 单通道遥感反射比与后向散射系数法，即 Rrs(555)→bb(555)→POC ； 
3) 半分析算法，即 QAA/GSM→bb(555)→POC。 
4. 海色遥感标准产品法。 是将 POC 同标准海色产品，如 chl-a、Kd490、
nLw(555)，进行统计分析，相关研究有[Mishonov & Gardner,2003]，[Mishonov & 
Richardson,2008]等。 
1.3  研究目标及内容 























2) 南海 POC 的季节分布特征。将上述算法应用到 SeaWifs 遥感反射比数据，
得到南海 POC 月平均数据。选择夏季上升流南海北部陆架区、河口输入影响的
珠江口、冬季浮游植物藻华吕宋岛西北测、中央海盆 4 个典型区域，分析不同区
域 POC 的季节变化特征及其风场、海表面高度对其影响。 
3) 南海 POC 年际变化特征。选择海洋环境相对稳定的中央海盆区域，分析
POC异常同风速异常、海表面高度异常及ENSO指数的关系，分析POC在El-Nino
和 La-Nina 不同条件下的响应。 





据和 ENSO 指数的来源及分辨率情况。 
第三章为南海 POC 遥感算法建立。探讨单通道，双通道比值，两步反演算
法反演 POC 的性能，得出最适合南海的遥感算法。 
第四章为南海 POC 时空分布特征。选择南海北部陆架区、珠江口、吕宋岛
西北部、中央海盆 4 处典型海区，分析 POC 的季节分布特征，并分析其可能的
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